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ON THE QUALITY OF ARTIFICIAL HEAD RECORDING SYSTEMS 
H. M0ller, D. Hammersh0i, C. B. Jensen, M. F. S0rensen 
Acoustics Laboratory, Aalborg University 
Fredrik Bajers Vej 7 84, DK-9220 Aalborg 0, Denmark 
1. INTRODUCTION 
During the last decade the binaural technique has been used increasingly for 
recordings of noise and music. The main reason is the capability of the technique 
to store and reproduce three-dimensional aspects of a sound field by means of 
only two channels. 
The idea behind the binaural technique is the following. The input to the 
hearing consists of two signals - the sound pressures at each of the eardrums. 
If these are recorded in the ears of a listener and reproduced exactly as they 
were (usually through headphones), then the complete auditory impression is 
recreated, including spatial aspects such as direction and distance to sound 
sources. 
In most practical applications recordings cannot be made in the listener's own 
ears, and during recording the listener is usually replaced by a copy of a human 
head, called an artificial head or a dummy head. Several artificial heads are 
commercially available, and they do produce recordings with a surprisingly natural 
reproduction. Nevertheless, it is often claimed that the three-dimensional space 
is distorted, and that localization errors occur. Often mentioned imperfections are: 
Confusions between front and back, elevation of sound sources, sound sources 
perceived too close, and in-the-head localization. 
These shortcomings have mainly been observed in rather informal listening 
tests, and their existence has not been proven in large-scale scientific 
experiments. Nevertheless, it is generally accepted that the imperfections do 
exist, and this fact seems to limit the success of the artificial head recording 
technique. It was therefore the purpose of this investigation (presented in more 
details in [1]) to study the quality of artificial head recordings. Note that the 
investigation thus constitutes an evaluation of the binaural technique when the 
recordings are made with artificial heads. We have previously carried out similar 
evaluations of the technique with recordings made in human ears [3], [4]. 
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2. METHOD 
By means of psychoacoustic experiments the localization performance was 
evaluated in real life and when listening to artificial head recordings of the same 
sound field. The experimental method was in most respects identical to that used 
in our previous investigation with binaural recordings made in the ears of human 
subjects [3]. 
The experiments included three listening conditions: 1) listening in real life, 
2) listening to recordings made with the built-in microphones of the artificial 
heads, and 3) listening to recordings made with miniature microphones mounted 
flush with the entrance to the blocked ear canal of the artificial heads. 
The latter condition constitutes a situation where the recordings are only 
influenced by the "outer" geometry of the head. The fact that this results in 
recordings with full spatial information was shown theoretically by M0ller [6] 
and verified from measurements by Hammersh0i . and M0ller [7], and in 
listening tests by M0ller et al. [3]. 
2.1. Setup and procedure 
The experiments were carried out in a standard listening room [8], where 
19 loudspeakers were located around the subject. 14 were positioned in various 
directions on a sphere with a radius of 1 m, 7 of these in the median plane. The 
remaining 5 were at more distant positions. 
The subjects listened to a 5-second recording of a female voice, either direct 
from the loudspeakers or indirectly as an artificial head recording, made in the 
same setup and reproduced by means of headphones. The subject was sitting 
in the setup in both situations and kept his head still during stimuli. The 
loudspeakers were visible to the subjects, and the experiments were carried out 
as identification experiments, where the subjects responded from which 
loudspeaker they perceived the sound. 
Twenty paid students with controlled normal hearing participated as listeners, 
ten of each sex, aged 20-30 years. They were all skilled in psychoacoustic 
experiments, but they were not in any way selected for their hearing or 
localization proficiency. 
3.RESULTS 
In the setup used, sound sources were placed in various directions and 
distances, and confusions of various kinds were seen. Sources placed in the 
same direction at different distances were frequently confused as a consequence 
of failure to estimate the correct distance to the sound source. Ten out of the 
19 sources were placed in the median plane of the listener and also confusions 
due to incorrect evaluation of direction for these sources were frequent. Also 
more 'severe' errors with confusions of sources providing different inter-aural time 
differences occurred. The general conclusion is, however, well displayed in the 
percentage of median-plane errors made. These are shown in Figure 1. 
I 
I , 
i 
i 
Moller 11 4 1 
60 
Median plane errors (%) 
50 
n 
40 
30 
20 
10 
0 
~ c: c: N (") 'V 0 .,... = co 0 0 (II (II a: a: a: a: co co en en N (") c E E ::::> ::::> :::i: .,... 0) 0 al ::, ::, < < < < ~ ~ I :::i: 'V l!) 0 (I) 
..c: ..c: :::i: :::i: :::i: :::i: I r a: E al w w w w 
0 (.) ~ ~ ~ ~ 
"O 'a. 
c: >. 
(II r 
a: 
Figure 1. Median plane errors for identification experiments, where subjects 
either listened to the sound sources in real life (most left column), or to binaural 
recordings from human subjects either picked at random (second most left 
column), or from a carefully selected 'typical' human (third most left column), or 
to recordings from artificial heads (remaining columns). The artificial head 
recordings were made both using the built-in microphones of the head (results 
shown in light-grey columns), and by using blocked entrance microphones 
(dark-grey columns). Please refer to {1) for details. 
4. CONCLUSION 
We have found that artificial head recordings do not result in the same 
localization as observed in real life. This is the conclusion for all artificial heads 
that were included in the investigation, and it proved valid both for recordings that 
were made by the artificial heads' built-in microphones, and for recordings made 
with a common microphone technique (blocked ear canal recordings). 
The deteriorated localization performance was reflected in the increase of 
directional errors. Especially the number of confusions between the sources in 
the median plane increased much (from 15.5% in real life to 36.0 - 55.0% for the 
artificial heads). 
It is known that nonindividual recordings in general result in more errors in 
judgement of directions, and the corresponding figure for nonindividual recordings 
from random human subjects is 36.3% (from a previous investigation [4]) . The 
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performance with artificial head recordings is thus either comparable to the 
performance obtained from recordings with random humans, or poorer. 
The artificial heads could, however, be expected to better represent the 
'typical' human subject, since the design goal for artificial heads ought to be the 
geometry that matches the average listener best. In (4] it was found that for the 
same experimental setup and procedure, a head could be selected which 
resulted in the better localization performance. The occurrence of median plane 
errors for this head was as low as 21.2%. 
Although it is somewhat disappointing to conclude that the performance 
obtained with the artificial head recordings at best can be compared to 
performance obtained with recordings from random human subjects, it is 
worthwhile stressing the superior reproduction that is obtained from binaural 
recordings, compared to other reproduction principles in general. It is further 
encouraging that it was possible to find a human for which recordings gave a 
much better localization performance than for random human subjects or artificial 
heads. This ought to encourage the design and production of better artificial 
heads. 
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